Purpose: The placement of localization clips following percutaneous biopsy is a standard practice for a variety of situations. Subsequent clip displacement creates challenges for imaging surveillance and surgical planning, and may cause confusion amongst radiologists and between surgeons and radiologists. Many causes have been attributed for this phenomenon including the commonly accepted ''accordion effect.'' Herein, we investigate the performance of a low cost surgical clip system against 4 commercially available clips. Methods: We retrospectively reviewed 2112 patients who underwent stereotactic vacuum-assisted core biopsy followed by clip placement between January 2013 and June 2016. The primary performance parameter compared was displacement >10 mm following vacuum-assisted stereotactic core biopsy. Within the group of clips that had displaced, the magnitude of displacement was compared.
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Key Words: Clip displacement; Stereotactic biopsy Stereotactic percutaneous breast biopsies are now recognized as the standard of care in the investigation of suspicious breast calcifications, architectural distortion, and masses, when there is no sonographically visible corresponding target. It is also standard practice to deploy a postbiopsy clip marker, which is helpful in various situations: 1) to help guide fine wire localization and confirm tumour resection; 2) to distinguish between multiple biopsy sites when there are similar adjacent lesions; 3) to facilitate lesion correlation across multiple modalities; and 4) for lesions that may fulfill the criteria for neoadjuvant chemotherapy to identify the original site of cancer, even if it can no longer be seen after treatment [1, 2] . Clip placement is crucial when most of, or the entire target is removed during the biopsy process.
Not infrequently, these clips may displace from the biopsied site, usually along the needle path. A few causes have been suggested for this phenomenon. A commonly accepted cause has been described as the ''accordion effect'' [3] , wherein structures that are not normally located adjacent to each other are brought into artificial immediacy in the compressed state. When the clip is deployed in this state, it may be affixed to structures that are not at the biopsied site, and when the breast is released from compression, the clip will stay with the structure and be observed at a site distant from the biopsy. This occurrence is not predictable and has been observed in clips with and without an embedding material. Other causes of clip displacement include migration within fatty tissue, displacement due to postprocedure bleeding or hematoma formation, and other much less common scenarios [4] . The success of needle-localized surgical excision depends on the accuracy of needle localization [5] . Thus, the localization clip should be placed as close as possible to the biopsied site. This is particularly important if all of the mammographic abnormality has been removed by the biopsy such as in the case of small groups of microcalcifications.
Currently, there are various commercially available clips and a low-cost alternative utilising a surgical clip [2, 6] . Some commercially available clips incorporate a surrounding polymer or bioabsorbable netting, which aims to minimize clip migration and to facilitate multimodality visibility. The surgical clip system is more cost effective at a savings of CAD$83 or USD$60 per clip system (CAD$0.65 or USD$0.50 vs CAD$84.00 or USD$60.46). The advantage of the commercial system is its ease of use and the additional surrounding polymer, which theoretically should increase placement accuracy and minimize migration. Our aim was to determine whether there is a difference in the magnitude and degree of clip displacement between the commercially available and surgical clip techniques following vacuumassisted stereotactic core biopsy. If the low cost surgical clip system showed no significant difference in the frequency or the average distance displaced, this would support the use of a more cost-effective system, the possible savings of which would be substantial.
Methods
A retrospective chart review was conducted on women who had received vacuum-assisted core biopsy at British Columbia Women's Hospital Breast Health Services where biopsies were performed on an upright Hologic Affirm Guidance System (Hologic, Marlborough, MA, USA). Between January 2013 and June 2016, 2112 patients attended our institution for stereotactic biopsy. Various clip types were placed, including 4 types of commercial clips and the surgical clip (Table 1, Figure 1 ). Only biopsies performed using , and the surgical clip ( Figure 1 ). All of the clip deployment systems tested were listed as compatible with the needle biopsy systems in the product list and no technical disadvantages or challenges were encountered using commercial clip types other than suggested by the biopsy needle manufacture.
In each case, a set of pre-and postbiopsy 2-view mammogram (craniocaudal and 90 views) were obtained and the relationship of the clip with respect to the targeted biopsy site was assessed by the performing radiologist and included in the procedural report. If the clip was at the original site of biopsy, the clip was reported to be in good positioning. If the clip is not at the original site, then the direction of displacement and the magnitude of displacement were measured ( Figure 2 ). These details were included in the biopsy report and subsequently collated by 1 of the authors (S.D.) into a central database (Table 1) .
Clips usually displace in the compression axis but infrequently can displace in more than 1 plane. In these circumstances, the woman was typically positioned for biopsy in an angle other than a straight craniocaudal or 90 lateral position. For instance, when a ''Swimmer's position'' has been used to target a very posterior lesion or to avoid a vessel, it may appear that displacement has occurred in more than 1 plane. In these cases, the distance was measured in both the x and y axes and the Euclidean distance was estimated. In all cases, if the total distance migrated was 10 mm, the clip was considered nondisplaced to allow for measurement errors and post biopsy changes.
Statistical Analysis
Proportion of clips displaced was compared among the clip types and needle types using Fisher's exact test. Post hoc pairwise comparisons between clip types were conducted using Fisher's exact test using a Holm correction for multiple comparisons [7] .
To examine the magnitude of displacement, we restricted the analysis to the subset of clips that had migrated >10 mm. In addition, as we found a relationship among needle type, clip type, and displacement, we restricted this analysis to only those clips placed using the Eviva-S needle (n ¼ 1582). A general linear model (linear regression) was used to look for a relationship between magnitude of displacement and clip type, with magnitude of displacement as the dependent variable. Magnitude of displacement was very nonlinear and therefore log 10 transformed prior to analysis to better meet the assumptions of the regression model. Post hoc pairwise Tukey tests were conducted to assess the differences between specific clip types. All analyses were carried out in R version 3.3.0 [8] . This study was approved by the University of British Columbia Research Ethics Board (H16-00489).
Results

Displacement by Clip Type and Needle Type
There was a significant difference in the proportion of clips displaced among the different clip types ( Table 2) . Post hoc pairwise comparisons show a significant difference between the surgical clips and the SecurMark in the proportion of clips displaced (P ¼ .001), with the surgical clips having a significantly greater proportion displacement (38.4% vs 27.9%). There was also a significant difference in the proportion displaced between surgical clips and SenoMark clips (38.4% vs 27.0%; P ¼ .0001).
Similarly, there was a significant difference in clip displacement among the different needle types ( Table 2) . Post hoc pairwise comparisons show a significant difference between the Eviva-P and Eviva-S (P ¼ .0009), the Eviva-P and Eviva-B (P ¼ .002), and the Eviva-P and Vacora (P ¼ .02).
There was also a relationship between needle type and clip type, with certain clips used predominantly or only with certain needle types ( Table 2 ). This may influence the probability of displacement of different clip types if certain needles are only used in restricted settings such as small breasts or superficial targets. Given that the majority of biopsies were done using the Eviva-S needle (n ¼ 1582, 77%), the comparison of displacement was then restricted to only those clips placed using the Eviva-S needle. There was still a significant difference among the clip types in the probability of displacement. Post hoc tests show a significant difference in the probability of displacement between surgical clips and SecurMark (odds ratio: 2.14; 95% confidence interval: 1.58-2.89; P < .001) as well as SenoMark clips (odds ratio: 2.03; 95% confidence interval: 1.53-2.69; P ¼ .000). Overall these results suggest approximately 2fold greater odds of displacement when using the Eviva-S needle and surgical clips compared with the SecurMark, and SenoMark clips. There was no significant difference between the surgical clips and the HydroMARK clips, and no significant difference between the HydroMARK clips and any of the others, suggesting that the probability of displacement for these clips falls between that for surgical clips (highest), and the other commercial clips (lowest) ( Table 3) .
Finally, as a sensitivity analysis we compared the proportion of surgical clips that were displaced among the 3 main needle types used to place the surgical clips: Eviva-S (n ¼ 317), Eviva-B (n ¼ 94), and Vacora (n ¼ 227). There was no significant difference in the proportion of displaced clips among these 3 needle types within the surgical clips (Fisher's exact test P ¼ .14). This suggests that the results reported previously for the Eviva needles are likely to be similar to those using other needle types. 
Magnitude of Displacement
A total of 641 clips deployed by all needle types had indicated greater than 10 mm of displacement. When the analysis was restricted to only clips placed using the Eviva-S needle, the total number of clips was reduced to 478 (Table 4 ). This most strongly affected the surgical clips where 113 clips (43.4%) were placed using other needles. Otherwise, the vast majority of the other clip types that experienced displacement was placed with the Eviva-S needle.
There was a significant difference in the magnitude of displacement among the clip types (F 4,472 ¼ 5.32, P ¼ .001). Post hoc Tukey tests suggested that the only pairwise differences were between the surgical clips and the SecurMark (P ¼ .001) and between the surgical clips and the Hydro-MARK (P ¼ .05), with all other pairwise comparisons being nonsignificant (all P > .05).
When back-transformed to the original units, the model predicts the geometric mean of the displacement for surgical clips to be 28.1 mm, for SecurMark to be 22.4 mm, and for HydroMARK to be 22.9 mm. The surgical clips were displaced about 1.26 and 1.23 times the distance of SecurMark and HydroMARK clips, respectively, translating to an approximately 23%-26% greater distance displaced.
Discussion
In this retrospective study, we compared the surgical clip deployed through a trocar system following vacuumassisted 9-gauge stereotactic biopsy with commercially available clips using the specifically designed accompanying rigid marker deployment system. The immediate post procedural placement accuracy, and when displaced, the magnitude of displacement was assessed. We have shown that the surgical clips have the greatest probability of displacement and when displaced, the surgical clip also showed the greatest magnitude of displacement by approximately 25%. Similar results were observed across needle types. No significant pair-wise performance differences were identified amongst the commercially clips suggesting the likelihood of displacement is related to the presence of an outer surrounding component with only slight differences in performance depending on the composition of this component. SecureMark exhibited the best overall performance possibly owing to the surrounding bioabsorbable suture-like netting. The shape of the metallic clip was unlikely a contributing factor because both HydroMARK and SenoMark utilise a similar coil shape.
Breast cancer is the most commonly diagnosed malignancy in women and there have been previous studies documenting the psychological impact of mastectomy. Breast conserving surgery is increasingly chosen, and although it is less disfiguring, the volume removed can also result in significant breast asymmetry and disfigurement. As a care team, we can more accurately indicate the site of abnormality and allow the surgeon to limit the volume of tissue that needs to be removed.
The effectiveness of breast-conserving therapy for the treatment of early-stage breast cancer has been established and is the treatment of choice [9] . Successful therapy where an adequate negative surgical margin is achieved can result in both an acceptable cosmetic outcome and minimize the local recurrence rate. A requirement for a successful breastconserving therapy is careful preoperative planning with accurate localization of the lesion [10] . This is particularly the case where the lesion is not palpable or when most or all of the calcifications have been removed during biopsy. Accurate preoperative localization, whether by fine wire or radioactive seed, is an integral step in achieving a negative margin.
A negative surgical margin is defined by the absence of ink in any malignant cells on histology, and the distance between the closest malignant cells and the inked surface of the surgical specimen as >1 mm [9] . Corsi et al [10] reported a 90%-92% rate of adequate margins when using the clip marker localization method. In comparison, ultrasound guidance achieves an 89%-97% rate of adequate margin and 70.8%-87.4% using wire-guidance utilising reference points such as distance from nipple [10] . The margin status remains a key determining factor for predicting local recurrence. Park et al [11] reviewed 533 patients with stage I or II breast cancer treated with BCS and showed that pathologic margin status is the most important factor related to local recurrence rate (LRR) followed by adjuvant systemic therapy. For patients with a close or negative margin, the LRR was 7%. Patients with extensively positive margin had an LRR of 27%, whereas those with focally positive margins had an LRR of 14%. Unfortunately, the most cost efficient surgical clip system has been shown most likely to displace and when displaced experienced the greatest magnitude of displacement in the setting of vacuum-assisted core biopsy. Nevertheless, the additional cost is justified when a better clinical outcome can be achieved. The identification of the most optimal clip placement system will help to facilitate a better collaborative relationship to optimize patient care.
We continue to use the vastly less expensive surgical clip after ultrasound-guided core biopsy, where the accordion phenomenon is not an issue because the needle is perpendicular to the direction of compression by the ultrasound transducer.
